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ACTIVE SMART ANTENNA SYSTEM AND FABRICATION METHOD THEREOF 
BACKGROUND OF THE INVENTION 

5 1 . Field of the Invention 

The present invention relates to an antenna system, and more particularly, 
to an active smart antenna system and a fabrication method thereof. 

10 2. Description of the Related Art 

Generally, a smart antenna system is a core component necessary in a 
next generation communication system, and is used at a high frequency band 
such as a mobile vehicle satellite broadcasting/communication, a military 

15 communication, and etc. The smart antenna system can be positioned at a base 
station or a mobile terminal according to an arrangement size of an antenna. The 
smart antenna system can accommodate a large number of users, and thereby a 
capacity of the system can be increased. 

The most core component of the smart antenna system is a phase shifter. 

20 The phase shifter can precisely pursue a usage frequency by controlling a signal. 
Also, the phase shifter delays a phase of an input signal by controlling a switch 
connected to an inductor, a capacitor, and etc. constituting the phase shifter, and 
thereby can convert the signal into a signal having a desired phase in an output 
terminal. A phase shifting apparatus that is nowadays the most applied to a 

25 vehicle satellite receiver is a passive smart antenna system for delaying a phase 
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using a mechanical motor. 

However, since the passive smart antenna system has a large size and an 
expensive fabrication cost, a spread ratio thereof is not high. According to this, a 
development of an active smart antenna system having a relatively small size and 
5 a cheap fabrication cost is absolutely required. A construction of the active smart 
antenna system will be explained with reference to Figure 1. 

Figure 1 is a block diagram showing a construction of a general active 
smart antenna system. 

As shown, the active smart antenna system comprises: an antenna 100 
10 for transmitting and receiving a signal; a low noise amplifier (LNA) 200 for 
amplifying a signal received through the antenna so as to minimize a noise 
generation; and a phase shifter 300 for controlling a phase of the amplified signal. 

Among the components constituting the active smart antenna system, the 
phase shifter 300 occupies a space the most and requires the most expensive 
is cost. The phase shifter 300 is largely divided into a one-bit (constructed as 11.25° 
phase variator), a two-bit (constructed as 11.25° and 22.5° phase variator), a 
three-bit (constructed as 11.25°, 22.5°, and 45° phase variator), a four-bit 
(constructed as 11.25°, 22.5°, 45°, and 90° phase variator), and a five-bit 
(constructed as 11.25°, 22.5°, 45°, 90°, and 180° phase variator). In order to 
20 implement the active smart antenna system that can be used at a satellite 
broadcasting receiver, approximately one hundred of said five-bit phase shifters 
are necessary. 

Recently, accordingly as a microwave monolithic integrated circuit (MMIC) 
technology is developed, a phase shifter using an electron switching device such 
25 as a high electron mobility transistor (HEMT) and a field effect transistor (FET) has 



been developed and an active smart antenna system using the phase shifter is 
actively being developed. That is, an electron switch, an inductor, a capacitor, and 
etc. are formed on one silicon substrate (for example, GaAs substrate), and then 
are packaged thus to fabricate the phase shifter 300. A technique for designing an 
5 active smart antenna system using the fabricated phase shifter 300 is being 
proposed. 

However, in the active smart antenna system, the phase shifter 300 is 
constructed by combining a plurality of devices on said one silicon substrate by 
the MMIC technology, a semiconductor process. According to this, a fabrication 
10 cost is increased and a quality factor of the inductor (for example 8-13) is low thus 
not to be able to anticipate a high quality. 

Also, in the active smart antenna system, not only the phase shifter 300 
but also the antenna 100, the LNA 200, or transmission/reception module have to 
be provided together. The components are additionally mounted on a printed 
is circuit board (PCB) thus to be assembled. Therefore, in the active smart antenna 
system, a lead for bonding the fabricated phase shifter 300 on the PCB is required, 
thereby increasing an entire size and deteriorating a quality factor of the inductor. 

According to this, an active smart antenna system capable of reducing a 
fabrication cost, having an inductor of a high quality factor applied thereto, and 
20 easily packaging the phase shifter 300, the antenna 100, and the LNA 200, and a 
fabrication method thereof are required. 

As aforementioned, according to the active smart antenna system in 
accordance with the related art, the phase shifter is fabricated by the MMIC 
technology, a semiconductor process, thereby increasing a fabrication cost. 
25 Also, according to the active smart antenna system in accordance with the 
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related art, the phase shifter is fabricated by the MMIC technology, a 
semiconductor process, thereby lowering a quality thereof. 

Also, according to the active smart antenna system in accordance with the 
related art, the phase shifter is fabricated by the MMIC technology, a 
5 semiconductor process, thereby increasing a size thereof due to an individual 
packaging for combining the antenna, the LNA, or the transmission/reception 
module. 

SUMMARY OF THE INVENTION 

10 

Therefore, an object of the present invention is to provide an active smart 
antenna system capable of reducing a fabrication cost by simultaneously 
implementing a phase shifter, an antenna, and a low noise amplifier on one high 
resistance substrate, and a fabrication method thereof. 

15 Another object of the present invention is to provide an active smart 

antenna system capable of improving a quality thereof by simultaneously 
implementing a phase shifter, an antenna, and a low noise amplifier on one high 
resistance substrate, and a fabrication method thereof. 

Still object of the present invention is to provide an active smart antenna 

20 system capable of reducing a size thereof by simultaneously implementing a 
phase shifter, an antenna, and a low noise amplifier on one high resistance 
substrate, and a fabrication method thereof. 

To achieve these and other advantages and in accordance with the 
purpose of the present invention, as embodied and broadly described herein, 

25 there is provided an active smart antenna system comprising: an antenna for 



receiving a signal; a low noise amplifier for amplifying a signal received through 
the antenna so as to minimize a noise generation; and a phase shifter for 
controlling a phase of the amplified signal, wherein the antenna, the low noise 
amplifier, and the phase shifter are formed on one high resistance substrate. 
5 To achieve these and other advantages and in accordance with the 

purpose of the present invention, as embodied and broadly described herein, 
there is also provided a method for fabricating an active smart antenna system 
comprising, wherein an antenna for receiving a signal, a low noise amplifier for 
amplifying a signal received through the antenna so as to minimize a noise 

10 generation, and a phase shifter for controlling a phase of the amplified signal are 
formed on one high resistance substrate. 

The foregoing and other objects, features, aspects and advantages of the 
present invention will become more apparent from the following detailed 
description of the present invention when taken in conjunction with the 

15 accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to provide a further 
20 understanding of the invention and are incorporated in and constitute a part of this 
specification, illustrate embodiments of the invention and together with the 
description serve to explain the principles of the invention. 

In the drawings: 

Figure 1 is a block diagram showing a construction of a general active 
25 smart antenna system; and 



Figures 2A to 21 are sectional views showing various structures of the 
active smart antenna system according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 

Reference will now be made in detail to the preferred embodiments of the 
present invention, examples of which are illustrated in the accompanying drawings. 

Hereinafter, an active smart antenna system capable of reducing an entire 
size thereof, reducing a fabrication cost thereof, and improving a quality thereof by 
10 simultaneously implementing a phase shifter, an antenna, and a low noise 
amplifier on one high resistance substrate, and a fabrication method thereof will be 
explained with reference to the attached drawings. 

Figures 2A to 21 are sectional views showing various structures of the 
active smart antenna system according to the present invention. 
15 As shown in Figure 2A, the active smart antenna system according to the 

present invention comprises: an antenna 100 for receiving a signal; a low noise 
amplifier (LNA) 200 for amplifying a signal received through the antenna so as to 
minimize a noise generation; and a phase shifter 300 for controlling a phase of the 
signal amplified by the LNA 200. Herein, the antenna 100, the LNA 200, and the 
20 phase shifter 300 are constituted with various components and are formed on one 
high resistance substrate. 

A fabrication process of the active smart antenna system of the present 
invention will be explained as follows. 

First, a conductive layer formed of a conductive material such as copper is 
25 formed on the high resistance substrate 10. The high resistance substrate 10 is 
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preferably selected among a high resistance silicon substrate, a high resistance 
ceramic substrate, and a printed circuit board (PCB). 

The conductive layer formed on the high resistance substrate is patterned 
thus to form antenna structure materials 20 and to form signal electrodes 30, 
5 ground electrodes 50, and inductors 40 constituting the phase shifter and the low 
noise amplifier. Herein, the antenna 100 constituted with the antenna structure 
materials 20 is preferably a patch antenna or a slot antenna. The inductors 40 are 
preferably a strip line inductor or a spiral inductor. 

The inductors 40 can be minutely fabricated by using a micro electro 
10 mechanical system (MEMS). According to this, the inductors 40 has a quality 
factor (for example, 50-60) more excellent than a quality factor of the conventional 
inductor. 

On the high resistance substrate 10 where the signal electrodes 30 and 
the ground electrodes 50 are formed, a via hole is formed and the via hole is 
15 plated, thereby forming a via signal electrode 30A and a via ground electrode 50A. 
According to this, in the active smart antenna system of the present invention, the 
signal electrodes 30 formed at upper and lower surfaces of the high resistance 
substrate can be electrically connected to each other through the via hole 
electrode 30A. 

20 In order to connect an electron switch 60 such as a pin diode, a high 

electron mobility transistor (HEMT), a field effect transistor (FET), and etc. to the 
signal electrodes 30 formed on the high resistance substrate 10, the electron 
switch 60 is installed on the ground electrode 50 as a bare chip form. That is, in 
order to apply a wire bonding technique, the electron switch 60 of a bare chip form 

25 provided with the signal electrodes 30 thereon is attached onto the ground 



electrode 50 (a physical bonding using a conductive adhesive). Next, a bonding 
wire 60A formed of aluminum or gold is adhered to the signal electrodes 30 
formed on the electron switch 60 and the signal electrodes 30 formed on the high 
resistance substrate 10 by heat or supersonic waves. Herein, the electron switch 

5 60 of a bare chip form is directly connected on the high resistance substrate 10 
such as a PCB by using the bonding wire 60A, which is called a chip on board 
(COB) technique that is well known to the skilled person. 

A capacitor 70 is connected to the signal electrodes 30 on the high 
resistance substrate 10 by using a general surface mounted technology (SMT). 

10 The capacitor 70 is preferably a thin film capacitor. 

Also, the low noise amplifier 200 is formed by connecting a transistor 80 to 
the signal electrodes 30 formed on the high resistance substrate 10 in the same 
manner as the method for connecting the electron switch 60 of the phase shifter 
300 to the signal electrodes 30 formed on the high resistance substrate 10. 

15 Various shapes of the active smart antenna system according to the 

present invention where the antenna 100, the low noise amplifier 200, and the 
phase shifter 300 are simultaneously formed on one high resistance substrate 10 
will be explained with reference to the attached drawings. 

As shown in Figure 2B, in the active smart antenna system according to 

20 the present invention, the electron switch 60 of a bare chip form of Figure 2A is 
connected to the signal electrodes 30 formed on the high resistance substrate 10 
by a flip chip bonding technique not the wire bonding technique. 

In the active smart antenna system according to the present invention, a 
size of the electron switch 60 of a bare chip form is a little increased . However, 

25 since the electron switch 60 is connected to the signal electrodes 30 and the 
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ground electrodes 50 by an adhesive more physically stable than the bonding wire, 
more stable structure having less inferiority rate is formed and a fabrication cost is 
reduced. 

In the active smart antenna system according to the present invention, a 
5 cheap substrate having two surfaces was used as the high resistance substrate. 
However, in order to reduce the size of the phase shifter 300, a multi-layer 
substrate can be used instead of the cheap substrate having two surfaces as the 
high resistance substrate 10. Hereinafter, a structure of an active smart antenna 
system to which the multi-layer substrate is applied will be explained. 
io As shown in Figure 2C, in the active smart antenna system according to 

the present invention, the inductors 40 of Figure 2A are stacked inside the high 
resistance substrate 10. Herein, the high resistance substrate 10 is preferably one 
among an Epoxy PCB, a Teflon PCB, and an Low temperature co-fired ceramic 
(LTCC) PCB. 

15 According to the active smart antenna system of the present invention, the 

inductors 40 are stacked inside the high resistance substrate 10, so that a 
structural area of the phase shifter 300 is reduced and thus an entire structure is 
greatly reduced. 

As shown in Figure 2D, in the active smart antenna system of the present 
20 invention, the electron switch 60 of a bare chip form of Figure 2C is connected to 
the signal electrodes 30 formed on the high resistance substrate 10 by the flip chip 
bonding technique not the wire bonding technique. 

According to the active smart antenna system of the present invention, the 
inductors 40 are stacked inside the high resistance substrate 10 and the electron 
25 switch 60 of a bare chip form is connected to the signal electrodes 30 formed on 
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the high resistance substrate 10 by the flip chip bonding technique, so that a 
structural area of the phase shifter 300 is reduced, a stable system structure 
having less inferiority rate is formed, and a fabrication cost is reduced. 

As shown in Figures 2E and 2F, in the active smart antenna system of the 

5 present invention, a polymeric protection material 90 such as an epoxy is coated 
on a part that the electron switch 60 of a bare chip form is positioned. According to 
this, the structurally stable active smart antenna system can be implemented. 
Herein, the polymeric protection material 90 can be partially applied in order to 
reinforce a physically weak part such as the electron switch 60 of a bare chip form, 

10 or can be applied on the entire surface of the high resistance substrate 10. 

Hereinafter, will be explained the active smart antenna system according 
to the present invention where the signal electrodes 30 and the inductors 40 are 
all formed on the high resistance substrate 10 in order to reduce the fabrication 
cost. 

is As shown in Figures 2G and 2H, in the active smart antenna system of the 

present invention, the signal electrodes 30 and the inductors 40 are formed on the 
high resistance substrate 10 without forming the via hole on the high resistance 
substrate 10 and without stacking the inductors 40 inside the high resistance 
substrate 10. According to this, the fabrication cost of the high resistance 

20 substrate 10 and the fabrication time can be reduced. 

Hereinafter, an active smart antenna system of the present invention 
capable of reducing a lead inductance that may be generated due to heights of the 
electron switch 60 of a bare chip form and the transistor 80 will be explained. 

As shown in Figure 21, the high resistance substrate 10 of a part that the 

25 electron switch 60 of a bare chip form and the transistor 80 are to be installed is 



etched as much as a predetermined height. Then, the electron switch 60 of a bare 
chip form and the transistor 80 are respectively installed at the etched part. 
According to this, the interval between the electron switch 60 of a bare chip form 
and the signal electrodes 30 and the interval between the transistor 80 and the 
5 signal electrodes 30 are decreased, thereby improving the function of the system 
due to the decrease of the lead inductance. 

As aforementioned, in the active smart antenna system of the present 
invention, the phase shifter, the antenna, and the low noise amplifier are 
simultaneously implemented on one high resistance substrate, thereby reducing 
10 the fabrication cost thereof. 

Also, in the active smart antenna system of the present invention, the 
phase shifter, the antenna, and the low noise amplifier are simultaneously 
implemented on one high resistance substrate, thereby reducing the size thereof. 

Additionally, in the active smart antenna system of the present invention, 
15 the phase shifter, the antenna, and the low noise amplifier are simultaneously 
implemented on one high resistance substrate, thereby enhancing the quality 
thereof. 

As the present invention may be embodied in several forms without 
departing from the spirit or essential characteristics thereof, it should also be 

20 understood that the above-described embodiments are not limited by any of the 
details of the foregoing description, unless otherwise specified, but rather should 
be construed broadly within its spirit and scope as defined in the appended claims, 
and therefore all changes and modifications that fall within the metes and bounds 
of the claims, or equivalence of such metes and bounds are therefore intended to 

25 be embraced by the appended claims. 
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